In line with the Coulomb-oscillator model of superconductivity, loop currents of excited 3s electrons from O 2− ions, passing in the CuO 2 plane through nuclei of nearest-neighbor oxygen quartets, create the antiferromagnetic phase of undoped copper oxides. Holes, introduced by alkaline-earth doping of La 2 CuO 4 , destroy the loop currents, thereby weakening antiferromagnetism until it disappears at doping x = 0.02. Further doping of La 2−x Ae x CuO 4 gives rise to incommensurate free-hole density waves whose wavelength is determined by the spacing of a doping superlattice.
Thus, by reducing the occupancy of the 2p a and 2p b orbitals that are aligned along the O-Cu axes, excited 3s electrons are created. They give rise to a variety of phenomena.
The first phenomenon, occuring already in undoped cuprates, is antiferromagnetism.
Other phenomena emerge in conjunction with doping by cation substitution. 
where pairs of Ae 2+ ions reside in the layers above and beneath.
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In contrast to trivalent lanthanum of the host lattice, each dopant Ae atom provides, upon ionization, only two instead of three electrons to the ionization of O atoms. With respect to the undoped crystal, each deficient electron is regarded as a "hole" of charge +e 0 , hence the term "hole doping." By Eq. (1) a doping ratio x introduces a pair of holes per planar superlattice domain, that is, a hole density per planar unit area (or per Cu 2+ ion),
How do such holes affect the antiferromagnetic phase? In order to see the basic concept, pick an O 2− ion in Fig. 2 (not at the margin) and assume that a hole has settled there, reducing the ion to O − . This spoils the two diamond-shaped 3s loop currents that pass through that oxygen nucleus, along with the local antiferromagnetism created by both loop currents. When the hole moves on from the oxygen site under consideration, loop currents can resume and antiferromagnetism will be locally restored. As the scenario illustrates, two dynamic processes compete: (1) Diffusion of the loop-current destroying holes and (2) local antiferromagnetic recovery, each with corresponding rate.
Typical for p-doped copper oxides, the phase diagram in Fig. 3a shows that the Néel temperature T N -a measure for the stability of the antiferromagnetic phase-drops drastically with increased doping. At the doping rate x = 0.02 ≡ x 10 the crystal's repair effort loses out to the holes' destruction of loop currents. Thus antiferromagnetism disappears. Note that the doping rate x 10 corresponds, by Eqs. (1) and (2), to a concentration of two holes per 10a 0 × 10a 0 domain of the doping-pair superlattice. With more doping the additional holes form a standing wave whose wave length equals the spacing of a "free-hole" superlattice,
while a localized hole concentrationp = x 10 keeps suppressing the loop currents of antiferromagnetism from recurring. ). Here h, k, are integers, denoting prominent X-ray peaks. The term 1 2 arises from an alternation of the planar hole-wave density distribution in successive unit cells along the c-axis.
The charge-incommensurability 2δ is given by the reciprocal spacing of the modulating free-hole superlattice, 2δ(x) ≡ (Ω ± / √ 2)/Ã(p), here more conveniently denoted, in 1/a 0 units, as
with a stripe-orientation factor Ω + = √ 2 for x > x 6 0.056 when stripes are parallel to the a or b axis, or (derived for diagonal domains) Ω − = 1 for x < x 6 when stripes are diagonal.
The free-hole density wave not only displaces Cu 2+ and O 2− ions but also affects the ordering of their magnetic moments, causing satellite peaks to the antiferromagnetic Bragg peak, g = (
, with the same incommensurability δ, Eq. (4). Figure 3b shows a graph of the incommensurability (solid line) with data (circles) from both X-ray diffraction by charge-density waves and neutron scattering by magnetic density waves. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] It is observed that the density waves form stripes diagonal to the crystal axes in the very underdoped regime, 0.02 = x 10 < x < x 6 0.056, extending the diagonal orientation of the destroyed antiferromagnetic phase up to the onset of superconductivity. 2 For higher doping, x > x 6 , the orientation of the emerging superconducting electron pathways parallel to the crystal axes 2 dominates and reorients the density waves. The influence of the stripe orientation on the incommensurability δ is accounted for in Eq. (4) by the two-valued orientational factor Ω ± , switching at x = x 6 with the onset of superconductivity.
The data in Fig. 3b fall close to the broken square-root graph of Eq. (4). They skirt the diagonal line, δ = x, in the underdoped regime, x < x 4 = 1/8, as was first assumed to hold. However, near doping x = x 4 , which is peculiar to superconductivity, 2 there is a clear deviation, δ(x 4 ) < x 4 . The steady increase of δ in the overdoped regime, x > x 4 , shows that the incommensurability δ is determined only by the standing free-hole density wave in each Thanks also to Giacomo Ghiringhelli for providing an important literature reference.
